Purification of proteins
for structural studies
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Expression product

After expression of recombinant protein of interest,

CENTRIFUGATION to recover
secreted proteins

or

CELL LYSIS to recover
cytoplasmic/membrane proteins or
proteins in inclusion bodies

Lysate contains:

target protein,
together with soluble host proteins, membranes and membrane
proteins, organelles, DNA , cytosolic matrix of the cell, proteases



Cell disruption

e Mammalian and insect cells: relatively easy to break,
use of hypotonic solution

Osmotic shock

e Bacteria and yeast: harder to disrupt, especially yeast

Enzymatic method Sonication
Lysozyme used Ultrasound used to
for bacterial create localized high
hosts; zymolyase pressure and break

for yeast cell membranes

French press & Microfluidizer

Pressure

Plunger

Cell

suspension

Cylinder

Mechanical disruption &’

with beads and high Cell disruption by forcing media trough a ™ me——— mpuctpise
frequency agitation narrow valve under high pressure




SDS-PAGE (PolyAcrylamide Gel Electrophoresis)

Negative

Flectrod®  Load samples here ™y, Separation of proteins through an
| Pl Buffer | ° N electric field.

+ E__ S NE
o = Proteins are unfolded and
covered by SDS, an anionic
detergent.

Positive
Electrode

™ Glass

.t?P'a‘es Mobility of proteins depends on
| spacer,  their dimension (= molecular

weight) %

Myosin 200,000 |
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An illustration of an
apparatus used for SDS PAGE.
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Protein detection:
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Western blotting
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2. Binding of a primary antibody to
the protein of interest (or its tag)

3. Binding of the secondary
antibody, conjugated with
enzyme (HRP)

4. Reaction producing
chemoluminescence

1. Proteins are transferred
from polyacrylamide gel to
nitrocellulose membrane

chemoluminescent

substrate light

Secondary antibody ) HRP
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Post-expression strategies
...recovery strategies for proteins difficult to crystallize...

Modification of the sequence at the protein level (as opposed to modification
of the construct) to improve stability, solubility, crystallizability, ...

Limited proteolysis Deglycosylation
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In addition... Crosslinking with glutaraldehyde or other chemical reagent



Limited proteolysis

Proteins are modular: they are composed of domains and flexible linkers...
Removal of flexible linkers/domains may improve crystallization.

When the protein is folded,
only exposed regions are
cleaved by proteases, according
to their selectivity. The

remaining, fragmented protein J
remains folded. "

Strategy:

- Mix protein with proteolyti c enzymes Trypsin ) Subtilisin : Elastase : Glu C ) Chymotrypsin
(trypsin, chymotrypsin, elastase, o8 8 § e 83 _g58 ; 388 .58
subtilisin, etc., ideally with tags for I At
purification) T === == ge= SSigeEs _se

- Check proteolysis at different - - - z ans HEEEEL i
substrate:enzyme ratios and different :- = " : & BN :-:- -
incubation times by SDS-PAGE and/or = .I = zes gw- o - ==
Mass Spec e l. a® = .=

1:10 chymotrypsin



Deglycosylation by enzymatic digestion

Alternative to introduction of mutations that remove

glycosylation sites

Use of glycosidases to
remove all or part of the
glycosydic chains

Glycosidases used:

Peptide-N-Glicosidase F
(cleaves on Asn
residues, before first N-
acetylglucosamine)
Endoglycosidase H
(cleaves after first N-
acetylglucosamine in
mannose-rich glycans)



Purification: chromatographic methods

From cell lysate, containing many different proteins, separate target protein at high purity.

1) In batch methods:

Separation by
gravity or spinning
with centrifuge.
Usually for small
samples.

2) FPLC (Fast Protein Liquid Chromatography):

Usually more than one
purification step is required, but
every purification step
decreases yield of pure protein.

1) Capture protein: isolate,
stabilize and concentrate

2) Polish: to achieve high purity



Chromatographic methods

Tips to design optimal purification strategy:

1)

2)

3)

4)

5)
6)

7)

Be aware of contaminants at each step of purification

Choose detection method (usually UV A, ., but also fluorescence,
conductivity, light scattering, ...)

Choose purity assessment method (SDS-PAGE, WB, MassSpec...)

Check stability of protein: pH, temperature, detergents, ionic strength,
additives, organic solvents; sensitivity to proteases

Tags —> Affinity chromatography Concentrate

ol —> lon EXchange chromatography [ POt

MW —> Gel Filtration chromatography



lon exchange chromatography

Low salt
(400 mM NaCl)

Medium salt
(700 mM NaCl)

Anion (cation) exchange
chromatography:
separation by charge of
the protein

Gradient elution
allows separation of
different proteins

Detector: Absorption

Proteins are eluted with increasing salt (NaCl) gradient

High salt

(1M NaCl)
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Affinity Chrom

atography

Affinity chromatography methods based on a
wide range of biorecognition interactions

B
Gutathione
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A. Purification of a
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B. Purification of a
protein with His tag

(B2

(1)

(2)

(3)

(5)

enzymes and substrate
analogues, inhibitors,
cofactors (e.g. for GST-
tagged proteins)
antibodies and antigens
(e.g. FLAG-tagged
proteins)
CUSTOMIZABLE!!
membrane receptors
and ligands

) biological small
molecules and their
receptors or carrier
proteins (e.g. Strep-
tagged proteins, MBP-
tagged proteins)

metal ions and proteins
having polyhistidine
sequence (His-tagged
proteins)



IMAC

il et » Used for His t ificati
Immobilized Metal Affinity Chromatography Sea for His tag puritication

* Most used tag: simple and

adsorption of wash small

. elute
equilib sample and away _ : . R .1 9
ration elution of unbound prtc:?euig?s) ~ gelregeneration e Resin with immobilized Ni%*
unbound material  material or Co2* metal ions
* Elution with Imidazole
* Tip: use imidazole in wash
buffer to remove non specific
::>> begin sample change to binding
application lliign Buiice * Possible also in denaturing
conditions
i SDS-PAGE
>1
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A
s 97000 W
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Lane 1: LMW
300 45 000 '
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Reverse Affinity Chromatography

protein,
with

cleavage
site

Tagged protease

can be produced Purified and
as recombinant cleaved protein
protein recovered in the

flow-through ¢—

Binding to
affinity
resin




Gel Filtration Chromatography

Also known as Size
Exclusion
Chromatography (SEC)

Separation of proteins by
size: larger proteins are
eluted first, smaller
proteins later

1000 - Vitamin B12 Usually, Gel
] (1.35 kDa) ) . )
5. n Filtration is the last
% - step of protein
E 6001 -globutin ification, bef
£ _ e | — purification, before
a . .
& 400+ Thyroglebulin crystallization
= ! {670 kDa)
2 2004 N : Allows separation
- K of aggregates or
0 — .
: — ———— oligomers
5 10 15 20 25
Elution volume (mL)
—— higher oligomers - tetramer —— dimer —— monomer

1000

800

Can also be performed
for qualitative =
determination of the &
oligomeric state of a Py
protein

200

monomer

octamer
tetramer

12 14 16 18 20
Volume (ml)



Protein characterization

Protein parameter Techniques

SodiumDodecylSulfate PolyAcrylamide Gel
IDENTIFICATION & PURITY Electrophoresis (SDS-PAGE) - Coomassie staining,
Western Blot

CONCENTRATION UV-VIS, Bradford assay, BCA assay
Thermo Stability Assay (TSA), Circular Dichroism (CD),
STABILITY ) . . .
Differential Scanning Calorimetry (DSC), UV-VIS
Size Exclusion Chromatography (SEC) and Analytical
OLIGOMERIC STATE & SEC, Dynamic Light Scattering (DLS), Transmission
AGGREGATION Electron Microscopy (TEM), Sucrose Gradient
Ultracentrifugation
CHEMICAL HETEROGENEITY Mass Spectrometry, SDS-PAGE
CONFORMATIONAL
HETEROGENEITY TEM, NMR
CD, DSC, Isothermal Titration Chalorimetry (ITC),
FOLDING, BINDING TO LIGANDS Spectrofluorimetry, Deuterium Exchange Mass

Spectrometry (DXMS)
ACTIVITY Biochemical assays



Concentration: UV-VIS Spectrometry

Proteins absorb UV light

with maximum within 275-280 nm SRS S e

Quantification is obtained measuring
absorbance at 280 nm and is based on  aes
Lambert-Beer’s law:

Abs=¢-C-/

Solvent

Absorption is mainly due to the presence of
Tryptophan, Tyrosine, Phenylalanine

Extinction coefficent can be calculated from
the primary sequence:
http://www.expasy.org/

Buffer absorption is always subtracted.

Instead of using a cuvette, for expensive
samples absorbance can be measured on a
drop of protein (1-2 pl)
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Concentration: Bradford assay

Based on binding of proteins to Coomassie Brilliant Blue G-250

Binding due to ionic and hydrophobic interactions (
Dependent on protein nature \&
Approximate concentration can be evaluated %% Q ‘@S%
using BSA or y-globulin as standard @-\ /)

<~ &

HN-@—O/_
Protein concentration measured using the color shift of the dye
Absorbance at 595 nm is measured and compared with a standard solutions
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Concentration: Bicinchoninic Acid (BCA) Assay

Addition of Cu?* to protein sample:
Peptide bond is oxidized and reduces Cu?* to Cu*: independent from protein!!
Temperature dependent reaction
[Cu*] proportional to number of peptide bonds, ~ mass of protein in solution

Addition of BCA to sample:

BCA chelates Cu*, forming a purple complex
0] o)

HO OH

2 7\

-———N \N_ +Cut ——

Quantification obtained by absorbance
measurement at 562 nm:
Standardization using BSA is advisable




Stability: Fluorescent Thermal Shift Assay (TSA)

Sypro Orange dye: fluorescence only o)

when the dye is bound to the
hydrophobic surfaces of the protein.

Fluorescence is quenched by water. Na*

* Protein stability: fluorescence vs
temperature

e Optimization of protein buffer/conditions:
fluorescence vs different buffers

* Analysis of ligand binding: comparison
between melting curve of apo protein and
protein/ligand solution

Fluorescence

LT

12 _--..‘.'.'.'!.[.!."..":."..'!'.."..'..'. e .'!'..'. .'..‘..".'!..'.:'.'!.!.I'.f.'..'..'..1'-. «'e a'e n'e
pH scale
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dyes

hound {..é} —— Denatured protein
~ ! 1

Linfolded fraction

MWative pratein

: >
Temperature Tm

RFU (1043)

Temperature, Celsius

Protein

Protein + ligand




Stability & Protein folding: Circular Dichroism (CD)

Absorption of Left and Right
Circularly Polarized (LCP and RCP)
light is measured.

Circularly

olarized Detector . .
P Ellipticity measured difference
between absorption of LCP and RCP.
Ellipticity is plot against wavelength.
20004 - T T T T T T T
2
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CD spectrum gives information on:
— - Folding of protein
| , = , | , | , | - Stability & melting temperature
180 200 =2 240 2600

- Conformational changes
wavelength nm



Oligomeric state:

Dynamic nght Scattering (DLS)
o Measurement of fluctuations of
\ - scattered light in time.
0 N
—— ", Autocorrelation function gives the
o . diffusion coefficient of particles in
solution.
O
5 ° © E If temperature and viscosity of the
s e M solution are given, Stokes-Einstein
equation allows to calculate
:: B hydrodynamic radius of the particle.
- :: Used to determine:
:-g”:‘ 10- - Dimension of a protein (also combined
g s with SEC)
j - Aggregation state
5] - Oligomerization state
ety s e om0 - Interactions between proteins

Hydrodynamic Diameter nm



Oligomeric state:
Sucrose Gradient Ultracentrifugation

Also known as

Sucrose Equilibrium Gradien
solution Sample quilib u G ?d ent
Centrifugation
5% sucrose Separates particles by density:
() particles reach a level in the
_ 20% sucrose centrifuge tube in which their density

matches the sucrose density

ﬁﬂﬁiﬁ]ﬁg : a Requires high g (centrifugation force):

Madiu!m-size <:j >150.000 g
N Used to determine:

Large-size -
e latsias Mf)lecula!' W.elght (MW)

Oligomerization state
Protein-protein interactions
Shape of the protein
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Chemical heterogeneity:
Mass Spectrometry (MS)

Integrity of the protein (no proteolytic activity)
and presence of post-translational
modifications can be detected

Mild ionization methods (ESI or MALDI),
charging of the protein without fragmentation

Deconvolution of the spectrum allows
determination of exact mass of the protein

Database of protein MS
spectra or sequence-
based expected
digestion products

MassSpec after enzymatic digestion: l

2P —=—)

p“"-

s

\agiz
/ﬁ P>

_/ﬁ

PROTEIN IDENTIFICATION &
2D ——>|c.Ms—= LOCALIZATION OF POST-
TRANSLATIONAL
MODIFICATIONS



Surface mapping:
Deuterium Exchange Mass Spectrometry (DXMS)

Structured regions

exchange rapidly exchange slowly

Quenching locks in deuterium Digestion localizes the
and unfolds the protein information

©2013 David Weis

Surface regions and flexible linkers are more affected by deuterium exchange.






Ligand binding: Spectrofluorimetry

Non radiative
transition

Excitation at a certain wavelength A _,

Emissionat A, (> A

fluo ex)

Excitation i
Ao Emission| | . Aromatic residues display fluorescence
Mo . Quenching )56 of fluorescent probes that increase/quench their
fluorescence due to interaction with the protein
v
BSA Melting

Used for: 1000000

- Study of pH dependence o

- Conformational changes o000 L

- Accessibility of a specific site of .

the protein (with fluorophore) 5 so0000 |

- Thermal stability 400000 /A

- FSEC (Fluorescence Size Exclusion z:::z

Chromatography) 100000 1

310 320 330 340 350 360 370 380 390
Wavelength [rnm]



Fluorescence Resonance Energy Transfer (FRET)

Energy transfer between
Energy . L.
transfer fluorophores based on radiative

7777 T Nonradiative  dipole-dipole coupl
Excitation |, Non radiative Ipole-dipole coupling
Moy Emission ——transition 5 g .
Mo Emission €pends on:
Meper - Distance between donor and acceptor
- Energy overlap of donor and acceptor
ACCEPTOR : . . .
- Relative dipole orientation of donor
PONOR and acceptor

(=} = [

e

/W @ .
tiwE 1 Interaction i J’ 1 Proteolysis Conformational

Change
Gain of FRET Loss of FRET Gain of FRET




Stability, folding and ligand binding:
Differential Scanning Calorimetry (DSC)

Difference of heat absorption between
sample and reference is measured as a
function of temperature

Detection of phase transitions, exothermic
and endothermic processes

Folded Unfolded Joed fo prove:
: = T - Conformational changes

18- g SW ] il (i.g. pH dependence)
E::: ‘ 5] i - Unfoldir?g of protein in
E 5 - ¢ ] ./' chaotropic agent
g o [\ 3 ' - Thermal stability of protein
& s N N /| . .. [(ig. aggregation)

| e ) 4 S - Binding to ligands

I I I I T R TEUTS T4 % & % - Lipid-protein interactions

Temperature [C] Tompemture | ()



Ligand binding:
Isothermal Titration Calorimetry (ITC)

Blue line = blank
Black line = injections of compounds into protein
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Reference
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Constant power Power supplied to sample
supplied to cell feedback heater is
reference cell proportional to AT

(@) (b)
Energy supplied to the reference cell used as probe to follow binding of
ligand/protein to the target protein.



response

Ligand binding:
Surface Plasmon Resonance (SPR)
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